The 1 Vel lco )ti e Phgs iolog ica 1 Resew cii L C~ Do r ci to r ies , Becke t2h am, IiT'th t SUMMARY: -4 dilution method for the assay of streptomycin' is described using a digest nutrient broth as the test medium and a certain strain of Escherichia coEi (Bacterium coli) as the test organism. The inhibition end-point is estimated turbidimetrically by comparison with that in a standard solution of streptomycin base. The accuracy of the method when employed as described is of the order of k 13 yo. It is necessary t o control the dilution of the test medium, the temperature of incubation of the tests, the size of the inoculum and hydrogen-ion concentration i n order to obtain consistent results. With dilution of the medium the sensitivity of the test is increased while its accuracy is decreased. The use of an inoculum of constant size is important, and an incubation temperature of 28' is found to be more satisfactory than 3'7". Medium with a hydrogen-ion concentration of pH 7.6 affords greater sensitivity than that with a lower pH value.
A Dilution Method for the Assay of Streptomycin
BY ANNIE M. BROWN SNL, P. A. YOUNG The 1 Vel lco )ti e Phgs iolog ica 1 Resew cii L C~ Do r ci to r ies , Becke t2h am, IiT'th t SUMMARY: -4 dilution method for the assay of streptomycin' is described using a digest nutrient broth as the test medium and a certain strain of Escherichia coEi (Bacterium coli) as the test organism. The inhibition end-point is estimated turbidimetrically by comparison with that in a standard solution of streptomycin base. The accuracy of the method when employed as described is of the order of k 13 yo. It is necessary t o control the dilution of the test medium, the temperature of incubation of the tests, the size of the inoculum and hydrogen-ion concentration i n order to obtain consistent results. With dilution of the medium the sensitivity of the test is increased while its accuracy is decreased. The use of an inoculum of constant size is important, and an incubation temperature of 28' is found to be more satisfactory than 3'7". Medium with a hydrogen-ion concentration of pH 7.6 affords greater sensitivity than that with a lower pH value.
During studies of streptomycin production by Streptomyces griseus (see Ainsworth, Brown, Marsden, Smith & Spilsbury, 1947 ; Woodthorpe & Ireland, 194 '7) i t was necessary to assay the activity of the culture fluids. Several methods for streptomycin assay are noted by Waksman & Schatz (lC345) , but a dilution test similar to that described by Pope & Stevens (1946) for penicillin was favoured for routine use. The method finally adopted, which gives little trouble providing constant conditions are maintained, is described below.
l'lre unit of streptomycin. American workers have used the S unit of Waksman (1945) which was defined as that amount of material which will inhibit the growth of a standard strain of Escherichia coZi (Bacterium coli) in 1 1111. of nutrient broth or other suitable medium. This corresponds to the original Escii. coZi unit and was said to be equivalent to 1pg. of crystalline streptomycin. It has, however, since been stated that pure streptomycin base contains approximately 800 units/mg. (Molitor, Graessle, Kuna, Mushett & Silber, 1946) . For this reasoii it is considered less anibiguous to express activities as pg. of streptomycin base/ml. or Inig. and so avoid the use of unstandardized units. The standard used. Three samples of streptomycin sulphate were received from America, two from Merck and Co. Inc., and one from Chas Pfizer and Co. Inc., the former labelled with the weight of streptomycin baselphial, and the latter with its purity specified. It was deduced from the weight of material in the phials received that the first two samples each contained 500 pg. of streptoniycin baseling. This agreed, within the limits of error of the test, with the stated streptomycin content of the third sample. An independent spectrographic method of assay developed by Dr Tudor Jones of the Wellcome Chemical Research Laboratories (unpublished), gave essentially the same titres for the three American samples as did the biological assay. The Merck sample was considered as standard for pharmacological reasons (Madigan, Swift & Brownlee, 1947 Van Dolah & Christenson, 1947) . In experiments described below the action of certain of these corripounds could be correlated with the effect on hydrogen-ion concentration, but for others, particularly thiol compounds and ketone reagents, the nature of the effect was obscure. The sensitivity to these compounds and to the concentration of peptone used, as described by , made a control of the test medium very necessary (ci'. Hobby, Lenert & Hyman, 1946) . A nutrient broth which could readily be produced in large batches by the method detailed below was found to be very suitable.
DETAILS OF THE ASSAY METHOD
Preparation of the nutrient broth. Minced horseflesh (20 lb.) was mixed with tap water (9 1.) and heated to 60". The pH was then adjusted to 5 2 -5 6 with HCl and 30 g. of papain was added in 10 g. quantities hourly. During digestion the temperature was kept between 58 and 62". After 4 hr. the pH was adjusted to 5.0-5.5 with HC1 and the product boiled and filtered. The filtrate was reheated to 90" and then allowed to stand overnight, after which it was filtered and stored.
A sufficient quantity of this papain digest was diluted with tap water togive a total N content of 1.6 g./l. Sodium chloride was added to give a final concentration of 0,5y0, allowance being made for that already present in the medium. A mixture was then made containing the proportions 11. of this diluted digest and 1 lb. of minced horse muscle. This mixture was heated to 65", maintained a t that, temperature for 20 niin., then boiled for 30 min. The meat particles were allowed to settle and the supernatant liquid decanted. Liquor remaining in the meat was squeezed out in a press, and the whole volume of liquor was collected and made up with distilled water to the original volume of papain digest used. The broth was adjusted to pII 7.6 with NaOH, boiled, and filtered through paper or cloth precoated with Hyflo Supercel (Johns Manville Ltd.) according to the size of the batch.
When preparing medium for the assay several bottles of nutrient broth prepared as above were bulked and the pH checked. The medium was then distributed in volumes of 5.0 nil. by an automatic measurer into 4 x 1 in. tubes. These were autoclaved for 10 min. a t 10 lb./sq.in., a procedure which did not affect the volume. The pH of the broth after autoclaving was also noted, as any variation of more than 0.1 pH unit had an appreciable effect on the end-point dilution of the streptomycin standard.
XairLtenniice qf culture a n d preparation of inoculu~rz. The Esclt. coli strain was maintained on nutrient agar slopes. In order to diminish the frequency of subculture, each week six slopes were inoculated from the parent slope and after 24 hr. growth at 37" were stored in a cold room. Each day of the week following subcultures into nutrient broth were made irom one of these slopes, incubated for 17 hr. and held a t 4" until required for use. A satisfactory inoculum wa5 obtained by using 0.2 or 0.3 nil. of a dilution of such a 17 hr. culturc. Inoculation by means of a wire was unsatisfactory because the organisin is very sensitive to heat and inoculation tended to be patchy.
Yrepccrntiori 
D e t e r m i n n t i o~ of assay end-point.
The weight of streptomycin base producing inhibition in growth of E'sch. coli was determined in the following manner. Standard streptoniyciri solution was added to a series of 5 ml. amounts of broth in the following volumes (nil.): 1.4, 1.3, 1.2, 1.1, 1 .0, 0.9, 0.8, 0-7, 0.65, giving a '10 7; range' with a dilution factor of 1-07-1.12. Each tube was inoculated with 0.3 ml. of a dilution of 17 hr. culture of Esch. coli in nutrient broth, shaken vigorously, and incubated for about 16 hr. a t 28". The tube in which only a trace of growth appeared was taken as the end-point.
As a general rule there was rapid transition from no growth to positive growth, and the end-point tube was not difficult to locate. The amount of streptomycin present in the end-point tube was then calculated. For example, when this tube contained 0.9 ml. of the 11 10 dilution of the standard 200 pg./ml. streptomycin solution, the total volume being 6.2 ml. (5.0 ml. broth + 0.9 ml. streptomycin dilution + 0.3 ml. inoculuni), the amount of pure streptomycin base,'inl. is given by 200 0.9 -x -= 2-90 pg. pure base/ml.
6.2
This end-point varied slightly from clay to day, and it was necessary therefore always to include two standard ranges aniong each day's tests.
THE METHOD OF' ASSAY
Samples for assay were saturated with chloroform to inhibit the growth of any chance contamination. As the least possible dilution of a sample was 1/3.5 and was usually much greater, there was no danger of inhibition of growth by the chloroform alone, a saturated solution of which does not inhibit growth a t greater dilutions than 11 2.
When testing samples of unknown value ranges covering volumes from 2.0 to 0-5 i d . of the sample a t two levels of dilution were generally used, e.g. 5 ml. tubes of broth with the addition of:
Undiluted sample ( i d . ) : 2.0 1.3 0.8 0 . 5 ; dilution factor 1-5 Sample diluted 1:3 (ml.): 2.0 1.3 0-8 0.5; dilution factor 1-5.
If considerable amounts of streptoniycin were suspected larger dilutions of the sample were made. 1.n all tests the final ranges were similar to those shown in the paper by Pope & Stevens (1946) , with dilution factors 1-20-1.10. All dilutions were made with sterile precautions in nutrient broth a t p H 7 . 6 . This was essential owing to the effect of the dilution of the medium on the activity of the streptomycin (see Donovick & Rake, 1046; and below If the standard end-point was on 1.0, and the sample dilution end-point on 1.4, then from the table t.he sample dilution contained 15.0pg. of streptomycin base/ml. This multiplied by the dilution of the sample gave its potency.
The accuracy of the potency determinations can be seen from Table 2 . No special choice of workers was made when assaying these samples. From the standard deviation of a single test it is clear that the potency of a sample can be determined as described above to about & 15 yo, which is satisfactory for a routine assay of this nature. C'oncetitrntioti of broth. It was found that dilution of the test mediuin resulted in a higher relative activity of the streptomycin. Thus a fourfold dilution of broth increased the end-point dilution of samples approximately fifty-fold, growth remaining satisfactory and easily detectable in such a weak medium. This increase in the sensitivity of the test was an advantage in the assay of low titre samples. A series of results for a sample of crude streptomycin assayed on different days in nutrient broth of p H 7-0 are given in Table 3 . The results for undiluted broth are each the mean of about 30, while those for the weaker mediuin are each the mean of about four results. Tenzperatwe of incubatioii. During the first few weeks of streptoiiiycin assay when tests were incubated a t 37 and not 28" (see Geiger et al., 1946) it was noticed that the growth of Esch. coli was irregular a t the inhibition end of the test. Shaking the tubes vigorously after inoculation diminished the number of tubes growing unevenly, and incubation a t 28" was much more satisfactory than a t 37". This latter point was proved by counting the number of tubes each day where Esch. coli had multiplied freeIy in dilutions of antibiotic less than those showing inhibition both in tests incubated a t 37 and a t 28". A statistical analysis of these ' odd tube ' counts was made using Poisson's series. For 1642 tests the mean number of tubes out of order a t 37" was 11.16 yo and for 1880 tests a t 28" it was 3-03y0. The difference between these two means is highly significant (P = 0.0078).
Quantity of inoculunz. Some of the early assays were carried out in modified penicillin assay broth (Pope & Stevens, 1946) and in general the inoculum used for tests in papain-digest medium was 0.2 rnl. of a dilution of broth culture. Variation of this volume gave results which suggested that the end-point dilution is roughly inversely proportional to the quantity of inoculum/ml. of test broth (see Table 4 ) and indicated that care must be taken to use a constant inoculum. The eflect ofpH. Reference has already been made to published work on the effect of various agents added to the test broth on the streptonyein assay values. The discovery that vigorous shaking often gave more consistent results suggested that oxidizing and reducing agents inight have significant effects 011 the action of streptoiiij-cin in the assay. As some of these agents also had an effect on the pH of the test broth the effect of variation of the pH on the endpoint concentration of streptomycin base was first investigated (see Table 5 ) . It was found during this experiment that the pH of the broth used for the routine tests €ell from pH 7-6 to 7.4 on re-autoclaving. The variation in activity from pH 7-52 to 7-4 and €rom pH 7.4 to 7-6 was rather more than 200/,. This means that for each decrease of 0.1 unit of p H between 7 -6 and 7 -2 the streptomycin activity was decreased by c. 10 yo. n7011insky & Steenken (1046) showed that the greatest diminution in activity occurred between pH 6.6 and 5.9. The efSect c.fcertaia oxidizirig arid reducing agents. In the deterinination of the effect of oxidizing or reducing agents a concentration of substance was used such that growth of the organism in its presence was comparable to that in broth alone, and in all experiments controls of growth were included. The liniit of growth was measured as the greatest dilution a t which opalescence was apparent in a ten-fold dilution series. The concentration of the material was also varied by tenfold, starting a t a 115 or 1/10 dilution. Diverse substances were chosen so that no common chemical group would be responsible for the oxidation or reduction. The concentration of each of the agents which inhibited growth in broth alone, inhibited growth in the presence of streptomycin, with the exception of hydrogen peroxide (' 20 vol.' solution) however, which inhibited growth in broth alone a t a dilution of but not in the presence of streptomycin.
The results in Table 6 are expressed as the percentage change in the number of pg. streptomycin base estimated as being present a t the end-point of the experimental test as compared with those in the control routine test.
The changes in streptomycin activity observed when using the reducing agents was partly due to change in pH. Hydroxylamine hydrochloride and thiolacetic acid show very little effect on the streptomycin titre (cf. Cavallito, 1936) . The action of sodium dithionite total effect being due to pH change. We wish t o thank Mr L. V. Bennett, Miss E. Howard, Miss G. Puddefoot and the technical assistants who made this assay work possible ; we are indebted to Mr J. G. C . Campbell for the formula and preparation of the medium.
